Thrombocytopenia or qualitative platelet deficiencies result in disturbed coagulation and clot retraction, prolonged bleeding from sites of minor injury, decreased vascular resistance, and increased permeability of blood and lymph vessels to red blood cells. It is not known whether control of any one of these defects alone might modify the incidence or the severity of thrombocytopenic bleeding. Studies of the individual disturbances resulting from platelet deficiency may, however, contribute to the understanding of the mechanisms of hemostasis and of maintenance of vascular integrity.
The studies presented here are concerned with one of the above manifestations of the hemorrhagic tendency of thrombocytopenia; namely, the escape of red blood cells into the lymph of thrombocytopenic animals. Bigelow, Furth, Woods and Storey (1) , in agreement with previous work by Drinker and Yoffey (2) , have indicated that red blood cells reach the lymph channels in the absence of gross morphologic or microscopic changes of the walls of blood vessels. The abnormally high concentration of red blood cells in the lymph of thrombocytopenic animals therefore results from an increase in the permeability of blood and lymph vessels to formed blood elements. This aspect of the hemorrhagic tendency in thrombocytopenia has been studied previously in relation to the hemostatic activities of fresh platelets and of preserved platelet material (3, 4) . irradiated, thrombocytopenic dogs are the subject of this report.
METHODS AND MATERIALS
Healthy mongrel dogs were rendered thrombocytopenic by exposure to 470 r whole body X-irradiation, given in 2 doses of 235 r delivered to each side of the body. A 250 kv, 15 ma X-ray source ' was used with 0.25 mm copper and 1.0 mm aluminum filters. The source-target (mid-body level) distance was 110 cm and the rate of irradiation was 5.2 r per minute at the skin surface as determined with a Victoreen dosimeter. The animals were anesthetized (40 mg pentobarbital per kg) throughout the exposure to X-ray.
Cannulation of the thoracic lymph duct was carried out 5 to 7 days after X-irradiation, as described previously (6) . The lymph flow from the left thoracic lymph duct to the left external jugular vein was restored by connecting the corresponding plastic cannulae with an exteriorized loop of tubing which was secured with wound clips. Recognition of the optimal time for further study was thus facilitated by the visualization of grossly bloody lymph in the exteriorized loop of tubing. In most instances this occurred 9 to 11 days after irradiation and was invariably associated with marked thrombocytopenia. At this time the animals were anesthetized again and the output of red blood cells in the lymph was determined at regular intervals. Mean arterial blood pressure measurements were carried out with a mercury manometer by cannulation of the right femoral artery. The total output of red blood cells in the lymph per unit of time was determined by disconnecting the lymph duct and the external jugular vein cannulae and collecting the lymph for periods of 5 minutes in 2 ml of a 3.8 per cent solution of sodium citrate. Unless stated otherwise, collection of lymph was repeated every 15 minutes, the flow of lymph into the venous circulation being restored during the intervals. The total output of red blood cells per minute was calculated as follows: total output per minute = (RBC per mm' X 1,000 X milliliters of lymph collected) /5. Platelet counts were carried out under phase-contrast microscopy (7). Prothrombin consumption was measured by determination of residual prothrombin in serum by a modification of Owren's procedure (8) As recommended previously (3, 4), a period of equilibration was allowed in order to permit stabilization of the output of red blood cells in the lymph prior to the administration of saline or SBP, respectively. This period was usually 120 to 240 minutes. Saline or phosphatides were not administered when the immediately preceding observations showed a decline of total output of red blood cells.
RESULTS

Control studies
In the control group of 10 thrombocytopenic dogs the average output of red blood cells in the lymph after administration of physiological saline continued at a markedly elevated level ( Figure  1 ). Individual control animals, however, showed considerable variations (Table I ). The elevated bleeding time (more than 30 minutes) and the defective prothrombin consumption indicated by serum prothrombin times of 12 to 16 seconds (normal, in excess of 35 seconds) remained unchanged following the administration of saline. 2 RG-Lecithin, The Glidden Company, Chicago, Ill.
Studies on infusions of soybean phosphatides
A group of 12 thrombocytopenic dogs received soybean phosphatides. The serum prothrombin time determined prior to and 1 hour after infusion of SBP increased in Dogs 18 and 26 from 10 and 12 seconds to 57 and 86 seconds, respectively. In Dogs 34 and 36, however, the serum prothrombin time remained essentially unchanged (11 and 12 seconds). The bleeding time in all animals remained prolonged (more than 30 minutes as compared to 3 to 8 minutes in normal dogs). The observations on the output of red cells in the lymph are included in Table II and Figure 1 . Figure 1 shows the mean values of Table II for this group and for the control group (Table I) in terms of total output of red blood cells in the lymph per minute. In order to attain uniformity of data for all animals, the summary data are limited to the 60-minute periods preceding and immediately following the administration of SBP or saline. In the experiments in which multiple infusions were given, only the first infusion was included in the statistical analysis. It will be noted that in both groups the output of red cells at the time of initiation of treatment and 20 minutes previously is slightly higher than the general trend. This is in keeping with the experimental design, according to which the agent under study was administered when the total output of red blood cells was steady, or rising. In order to eliminate a possible selective effect of this procedure, the observations at the time of initiation of treatment and 20 minutes before and after treatment were eliminated from the statistical analysis. As can be seen from the data, the inclusion of these three points would have increased further the difference between the treated and the control groups.
Comparison of the determinations 40 and 60 minutes before with those 40 and 60 minutes after infusion showed a sharp decrease of the output of red blood cells in the phosphatide-treated animals and a moderate increase in the control Protocols on individual animals (Figures 2-12 ) Dog 18 (Figure 2 ). The thoracic duct of this 12 kg female dog was cannulated 8 days after X-irradiation. The initial output of red blood cells in the lymph was 452 x 106 cells per minute. The platelet count was 8,000 per mm3, and the blood pressure was 120 mm Hg. Six lymph samples were collected over 4 hours. The average flow of lymph during this period was 0.9 ml per minute and the output of red blood cells in the lymph remained relatively constant with the exception of one determination at 185 minutes after the initial count. At the end of the equilibration period the red blood cell output in the lymph was 386 x 106.
A suspension of soybean phosphatides in saline was infused over a period of 25 minutes. A reduction (97 per cent) of the output of red cells in the lymph was observed within 15 minutes. The blood pressure remained stable. The lymph flow was reduced to 0.6 ml per minute. A specimen of lymph collected 90 minutes after the infusion was completely free of red cells (lymph flow of 0.7 ml per minute). One hour later a sudden increase in both red blood cell output and lymph flow (1.3 ml per minute) was observed. The output of red blood cells then decreased again, and 5.5 hours after the infusion of SBP it was 32 per cent of the pretreatment value. The blood pressure was 115 mm Hg. The experiment was concluded at this time.
Dog 23 (Figure 3) . Cannulation of the thoracic duct of this 13 kg male dog was carried out 6 days after irradiation, at which time the lymph was found to contain a normal number of red blood cells. Four days later the platelet count was 10,000 per mm3 and the lymph in the exteriorized loop of tubing was grossly hemorrhagic. The dog was anesthetized and nine samples of lymph were collected during the next 105 minutes. The minute and the lymph flow was 0.5 ml per minute. During the equilibration period the red blood cell output increased to 546 x 106 cells per minute. At this time SBP was infused over a period of 30 minutes. Within 20 minutes after the initiation of the infusion the red blood cell output was reduced to 18 x 106 cells per minute (3 per cent of pretreatment value) with a concurrent increase in lymph flow (0.96 ml per minute). Forty-five minutes after the infusion the output of RBC was 10 per cent of the pretreatment level and the rate of lymph flow was unchanged ( Figure 13 ). The experiment was terminated at this time by an inadvertent administration of an overdose of pentobarbital. Because of the short duration of the observation period, the data on this animal were not suitable for inclusion in the statistical evaluation. Dog 25 (Figure 4 ). The thoracic duct of this 12.8 kg female dog was cannulated 7 days after irradiation. An adequate flow of white normal lymph was observed. The platelet count was 10,000 per mm3. Three days later, when the lymph had turned pink, the dog was reanesthetized and 15 lymph samples were collected during the succeeding 345 minutes. During this time the output of red blood cells in the lymph increased from 24 X 106 to 205 x 106 cells per minute. The average lymph flow was 0.3 ml per minute. The rate of lymph flow remained virtually unchanged throughout the study.
After administration of 200 mg of soybean phosphatides per kg, a slight reduction of the output of red blood cells in the lymph was observed.
DJERASSI, FARBER, ROY AND YOSHIMURA
A second infusion of an equal dose of SBP did not significantly alter the appearance or the red blood cell content of the lymph. Dog 26 ( Figure 5 ). The thoracic duct of this 10 kg female dog was cannulated 5 days after irradiation. Two days later the platelet count was 34,000 per mm3 and the lymph was grossly bloody. The dog was reanesthetized and 26 samples of lymph were collected over an 8 hour equilibration period during which there was a progressive increase in the total output of red blood cells from 54 X 106 to 944 X 10' cells per minute. The lymph flow averaged 1.0 ml per minute. Twenty minutes and again 35 minutes after the initiation of the infusion of SBP the red cell output in the lymph decreased to 157 X 106 cells per minute (-83 per cent) and to 78 x 106 cells per minute (-92 per cent), respectively. Since only half of the standard dose had been infused by that time, the remaining part was given more slowly. Three hours after the beginning of the infusion the output of red blood cells was 22 per cent of the pretreatment value. The rate of lymph flow did not change significantly throughout the experiment.
Dog 30 ( Figure 6 ). Six days after irradiation of this 9 kg female dog the thoracic duct was cannulated. The following day the platelet count was 23,000 platelets per mm3 and the lymph was bloody. During the next 8 hours the output of red blood cells in the lymph increased from 52 x 106 to 210 x 106 cells per minute. The lymph flow averaged 1.5 ml per minute and the mean arterial pressure was 110 mm Hg. After rapid infusion of soybean phosphatides the output of red blood cells in the lymph was reduced to 39 X 106 cells per minute (-80 per cent). This was followed by a gradual increase to 125 X 106 cells per minute and a later decrease to 20 x 106 cells (-90 per cent). The rate of lymph flow averaged 1.0 ml per minute. The blood pressure at the end of the experiment was 100 mm Hg. Dog 36 (Figure 7 ). This 12.6 kg male dog was irradiated 6 days prior to cannulation of the thoracic lymph duct. Four days later the platelet count was 14,000 per mm3 and the lymph was grossly bloody. The dog was reanesthetized and 8 lymph samples were collected over a 2-hour period. Dog 55 (Figure 9 ). The thoracic duct of this 11 kg female dog was cannulated 11 days after irradiation. Grossly bloody lymph was observed. Because of the poor general condition of this dog, only three lymph samples, showing an increase of the output of red blood cells from 1,658 x 106 to 3,040 X 106 cells per minute, were collected prior to administration of SBP. The lymph flow averaged 1.0 ml per minute. SBP suspension was infused rapidly (60 drops per minute) during 15 minutes and then continued at a lower rate (20 drops per minute) for 80 minutes followed by rapid infusion during 10 minutes, thus bringing the total amount of SBP given to 540 mg per kg. Immediately after the infusion a marked decrease in red blood cell output to 390 x 106 cells per minute (-87 per cent) occurred. This level was maintained for 1 hour and then increased to 1,394 x 106 cells per minute. A second infusion of SBP suspension was followed by a reduction in lymph red blood cell output to 181 x 106 cells per minute. The level rose during the next 2 hours to 692 x 106 cells per minute although a third infusion of SBP had been initiated. Lymph Dog 34 (Figure 12 ). The thoracic duct of this 12.6 kg male dog was cannulated 5 days after irradiation, when the lymph was still free of red blood cells. The platelet count at this time was 12,000 per mm3. Six days later the lymph became hemorrhagic. The The role of the coagulation mechanism in this phenomenon can not be evaluated adequately on the basis of the data available. Although the serum prothrombin time in 2 of the 4 animals studied was prolonged, thus suggesting an increased prothrombin consumption (5), the serum prothrombin time in the other 2 animals did not change. Extensive further studies may therefore be warranted in regard to the preparation of SBP used here to evaluate the role of blood coagulation in the maintenance of vascular integrity.
It is of interest that the prolonged bleeding time, observed in all animals studied, remained essentially unchanged even during the time of maximal reduction or arrest of bleeding into the lymph. It is possible therefore that the increased permeability of blood and lymph vessels to red blood cells and the bleeding from mechanically injured small vessels are controlled by different mechanisms. Infusion of viable platelets correct both the increased vascular permeability to red cells and the abnormal bleeding time of thrombocytopenic animals. The latter effect appears to be associated with the ability of platelets to form "hemostatic plugs," while a different, as yet unidentified function of platelets may account for maintaining the integrity of blood vessels, thus preventing the diapedesis of red blood cells. A dissociation of the changes of the bleeding time from those of vascular permeability to red blood cells also has been suggested by the frequent observation of normal lymph in animals with low platelet counts and prolonged bleeding time. Further studies to determine the mechanisms by which platelets or materials such as soybean phosphatides reduce the abnormal diapedesis of red blood cells may be of value in understanding the function of platelets in hemostasis.
It should be noted in this respect that the degree to which bleeding into the lymph was reduced by soybean phosphatides was of the same order as that observed after transfusion of fresh platelets (4) . The duration of the hemostatic effects of fresh platelets, however, was considerably longer than those induced by soybean phosphatides. The onset of hemostasis, on the other hand, occurred earlier with soybean phosphatides than with platelets. The mechanism of action of the phosphatides, therefore, may be of a different nature than that of platelets.
SUMMARY
Intravenous administration of a soybean phosphatide preparation to X-irradiated, thrombocytopenic dogs was followed by rapid reduction of bleeding into the lymph of the left thoracic lymph duct. The maximal effects of a single infusion lasted 2 to 3 hours, but could be maintained or induced again by subsequent infusions. Complete return of the lymph to normal appearance and content of red blood cells was observed in some of the animals. The prolonged bleeding time was not affected.
